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(54) [Title of the Invention] WAVELENGTH DEMULTIPLEXING 
AND MULTIPLEXING MODULE 




(57) [Abstract] 



[PROBLEM TO BE SOLVED] To reduce the size of a product by narrowing a port 
interval and also to facilitate drawing around of an optical fiber by disposing all ports in 
parallel to a transmission line. 

[SOLUTION] A plurality of band pass filters 12a, 12b, 12c, 12d different in a selective 
transmission wavelength are provided in a filter holder 10 whose two mutually facing main 
surfaces 11a, lib are parallel each other and which is provided so as to tilt relative to the 
transmission line 16, and a demultiplexing and multiplexing device main body 14 wherein 
non-selective transmission wavelength light is subjected to repeated reflection and 
specified wavelength light passes through the band pas filter is used. A plurality of fiber 
collimators are arranged as input and output ports. Adjacent ports are composed of 
two-fiber collimators 28a, 28b wherein two optical fibers are stored in the same ferrule and 
a lens common to those is incorporated, optical path correcting prisms 30a, 30b are inserted 
between the fiber collimators and the demultiplexing and multiplexing device main body, 
and the band filter is coupled to the optical fiber via the optical path correcting prism and 
the lens. 



[Claims] 

[Claim 1] Can have the following, can pass a band-pass niter in which only a 
specific selection passing wavelength light corresponds, and non selection 
passing wavelength light, a spectral separation multiplexing vessel body of 
structure which repeats reflection successively inside said filter holder is used, 
it is the wavelength division multiplexing module which two or more fiber 
collimators counter said spectral separation multiplexing vessel body as 
input/output port, distributes to both sides, and is arranged, a port where it 
adjoins of the input/output port accommodates two optical fibers in the same 
ferrule, comprise a 2 core fiber collimator which combined a common lens to 
these two optical fibers, and optical-path amendment prism which bends an 
optical path between 2 core fiber collimator and a band-pass filter is inserted, a 
avelength division multiplexing module characterized by making it combine 
between each band-p ass filter and optical fibers corresponding to it via said 
optical-path amendment prism and a lens. A filter holder provided after two 
main table sides which carry out for relativity were mutually parallel and this 
main table side has inclined to a transmission line. Several band-pass filters in 
which selection passing wavelengths attached to a main table side of both these 
filter holders differ. 

[Claim 2] The wavelength division multiplexing module according to claim 1 in 
which a band-pass filter attached to one main table side of a filter holder is a 
parallel plate-like, a band-pass filter attached to a main table side of another 
side is a wedge, and all the fiber collimators are allocated in parallel with a 
transmission line. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] If fields, such as optical communications, describe this 
invention in more detail about the optical circuit module for performing 
wavelength division or wavelength multiplexing, The band-pass filter in which 
selection passing wavelengths differ is attached to both the main table side of a 
filter holder with a parallel main table side, and it is related with the multiple 
echo type wavelength division multiplexing module which allocated the fiber 
collimator used as input/output port. This wavelength division multiplexing 
module is an optical circuit module useful although two or more waves of 



multiplexed optical signals are carved for every wavelength, for example in the 
optical fiber communications system of wavelength division multiplexing. It is 
an optical circuit module available also to wavelength multiplexing. 
[0002] 

[Description of the Prior Art] In the optical fiber communications system of 
wavelength division multiplexing, two or more waves of multiplexed optical 
signals are carved for every wavelength, or the optical circuit which multiplexes 
several different wavelength light to the wavelength-multiplexized optical 
signal is needed. Although the number of wavelength division multiplexes has 
many cases, such as four waves, eight waves, or 16 waves, now, it is in the 
tendency which increases to 32 or more waves increasingly with increase of 
channel capacity. 

[0003] Although there are some methods in the optical circuit which separates 
spectrally or multiplexes wavelength, when there is many wavelength 
multiplexing, the multiple echo type wavelength division multiplexing optical 
circuit which combined two or more band-pass filters is used (when it is four or 
more waves). 

[0004] This kind of wavelength division multiplexing optical circuit allocates 
several band-pass filters in which selection passing wavelengths differ, the 
band-pass filter in which only a specific selection passing wavelength light 
corresponds is passed, and non selection passing wavelength light is constituted 
so that reflection may be repeated successively. And it distributes to both sides 
and the fiber collimator used as input/output port is arranged so that each 
band-pass filter may be countered. The whole of each fiber collimator 
accommodates one optical fiber in a ferrule, and the single fiber structure which 
combined it and a lens is adopted here. 
[0005] 

[Problems to be Solved by the Invention] In the spectral separation 
multiplexing device for wavelength multiplex optical telecommunications which 
is developed conventionally or is examined, since the single fiber collimator is 
used as each input/output port as mentioned above, if the number of wavelength 
multiplexing increases, a device will be enlarged remarkably. It is because it is 
very difficult to narrow the array pitch (port interval) of an adjoining fiber 
collimator from about 3 mm if the diameter (usually not less than about 2 mm) 
of the sphere lens built into a fiber collimator or a ferrule is taken into 
consideration. Therefore, if the number of wavelength multiplexing increases, 



there is a fault which a device enlarges indeed. 

[0006] The port of some then where the composition using the repetition 
reflection by two or more band-pass filters is as it is must be allocated in an 
oblique direction to a transmission line, and that is also set to one of the factors 
of enlargement. 

[0007] The purpose of this invention is to provide the wavelength division 
multiplexing module which narrows a port interval and could be made to make 
product size small. Other purposes of this invention are to provide the 
wavelength division multiplexing module of the structure of being able to 
allocate all the ports in parallel to a transmission line, therefore product size 
being further made small, and leading about of an optical fiber also becoming 
easy and being easy to deal with it. 
[0008] 

[Means for Solving the Problem] A filter holder provided after two main table 
sides of this invention which carry out for relativity were mutually parallel and 
this main table side has inclined to a transmission line, Several band-pass 
filters which differ in a selection passing wavelength attached to a main table 
side of both these filter holders can be provided, and a band-pass filter in which 
only a specific selection passing wavelength light corresponds can be passed, 
Non selection passing wavelength light is a wavelength division multiplexing 
module which two or more fiber collimators counter said spectral separation 
multiplexing vessel body as input/output port, distributes to both sides, and is 
arranged using a spectral separation multiplexing vessel body of structure 
which repeats reflection successively inside said filter holder. In this invention, 
a port where it adjoins of these input/output port, Accommodate two optical 
fibers in the same ferrule, and it constitutes from a 2 core fiber collimator which 
combined a common lens to these two optical fibers, Optical-path amendment 
prism which bends an optical path is inserted between a two core each fiber 
collimator and a band-pass filter, and between each band-pass filter and optical 
fibers corresponding to it is combined with it via said optical-path amendment 
prism and a lens. 

[0009] Composition which makes a band-pass filter attached to one main table 
side of a filter holder the shape of a parallel plate in this invention, and 
allocates all the fiber collimators in parallel to a transmission line by using as a 
wedge a band-pass filter attached to a main table side of another side of a filter 
holder is preferred. 



[0010] In the case of a wavelength division module, a "transmission line" as 
used herein means an optical path by which wavelength multiplexing light 
separated spectrally enters into a filter holder, and an optical path which 
wavelength multiplexing light it was multiplexed [ wavelength multiplexing 
light ] emits from a filter holder in the case of a wavelength multiplexing 
module. 
[0011] 

[Embodiment of the Invention] As a filter holder, the block of glass 
parallelogram shape is preferred, for example. The composition which could 
constitute so that light might penetrate the inside of glass, and formed the hole 
in the optical path part may be used. In composition of forming a hole in an 
optical path part, metal etc. may be sufficient as the block of parallelogram 
shape. As a band-pass filter, the interference film filter which formed the 
dielectric multilayer, for example on the surface of the glass substrate is used. 
This is the filter which laminated by turns the dielectric materials in which 
refractive indicees differ by 1/4 wave or 1/2 wave of integral multiple, and used 
interference between multilayer films. Each band-pass filter which presents the 
characteristic of permitting passage of only predetermined wavelength light is 
stuck on a filter holder. As for a filter holder and a filter base board, it is 
preferred to use the same construction material. If it is same material, a 
coefficient of thermal expansion will also become the same, and its modular 
reliability will improve further. When a band-pass filter is a parallel plate type, 
the dielectric multilayer may be formed in which field also the adhesion side to 
a filter holder, or in respect of [ its ] opposite, but when a band-pass filter is a 
wedge, it is necessary to form a dielectric multilayer in the adhesion side to a 
filter holder. 
[0012] 

[Examples] Drawing 1 shows one example of the wavelength division module 
of four waves concerning this invention. Although the same module can also be 
used also as a wavelength multiplexing module by putting in light for reverse, 
in order to simplify explanation, in the following examples, it explains as a 
wavelength division module. 

[0013] In this wavelength division module, two main table sides which carry 
out for relativity at least use the parallel filter holder 10 of each other. In this 
example, the filter holder 10 is glass, parallelogram shape (the shape of a prism 
which has depth in the direction vertical to space with a parallelogram as an 



opposed face shows correctly to drawing l) is made, and the hole is formed in the 
optical path part. Of course, although a rectangular parallelepiped may be 
sufficient, it is because it can miniaturize and the weight saving of the direction 
made into the shape which excised the unnecessary portion which is not used as 
an optical path can be carried out, so it is desirable. The band-pass filter of 
plurality (a total of four sheets [ Here ] of every two one side) in which selection 
passing wavelengths differ is attached to the main table sides 11a and lib of 
both filter holders 10. 

[0014] Each band-pass filter carries out laminating formation of the dielectric 
multilayer on a glass substrate, The glass substrate of the 2nd band-pass filter 
12b and the 4th band-pass filter 12d stuck on the main table side lib of another 
side to the glass substrate of the 1st band-pass filter 12a and the 3rd band-pass 
filter 12c stuck on one main table side 11a being a parallel plate-like is a wedge. 
Here, a filter holder and a filter base board consist of the same construction 
material, and the main part 14 of a branching filter consists of pasting up with 
adhesives. Although the 1st and 3rd band-pass filters 12a and 12c that are 
making the shape of a parallel plate may be pasted up on the filter holder 10 in 
respect of which, the 2nd and 4th band-pass filters 12b and 12d that are forming 
the wedge are pasted up on the filter holder 10 in the field in which the 
dielectric multilayer was formed. 

[0016] The filter holder 10 is formed so that both main table sides 11a and lib 
may incline to the transmission line 16 in a fixed angle degree. In other words, 
the filter holder 10 serves as the parallelogram which adjoins the sloping main 
table sides 11a and lib that 11c and lid become parallel to the transmission 
line 16 the 2nd page here. Spectral separation is performed because the 
wavelength multiplexing light which entered in the filter holder 10 passes the 
band-pass filter in which non selection passing wavelength light repeats 
reflection successively inside the filter holder 10, and only a specific selection 
passing wavelength light corresponds. The 1st and 3rd band-pass filters 12a 
and 12c, When passing even times of reflected light by being a parallel 
plate-like, keep the emitted light way parallel to the transmission line 16 as it is, 
and the 2nd and 4th band-pass filters 12b and 12d, By being a wedge, when 
passing the reflected light of the odd number of times, the function to make the 
emitted light way refracted so that it may become parallel to the transmission 
line 16 is achieved. In other words, it designs and the 2nd and 4th band-pass 
filters 12b and 12d are attached so that an emitted light way may become 



parallel to a transmission line as mentioned above about the angle of the wedge, 
and the direction to attachment. 

[0016] As input/output port, said main part 14 of a branching filter is 
countered, and the fiber collimator of plurality (in this example, three pieces) is 
distributed, and is arranged. Input port P accommodated one optical fiber in the 
ferrule, consisted of the single fiber collimator 20 which combined the lens with 
it, and has countered the main table side lib of the filter holder 10 directly. 
Pour output port Pi, --, port Pi adjoined of the Pi and P 3 , and port P 2 and P 4 , As 
shown in drawing 2, the two optical fibers 22 are accommodated in the same 
ferrule 24, it consists of the 2 core fiber collimator 28 incorporating the lens 26 
common to these two optical fibers 22, and a band-pass filter is countered via 
the optical-path amendment prism 30. 

[0017] That is, 1st port Pi and 3rd port P 3 accommodate each optical fiber in 
the same ferrule, and consist of the 2 core fiber collimator 28a incorporating a 
lens common to these two optical fibers. Between this 2 core fiber collimator 28a 
and the main part 14 of a branching filter, the optical-path amendment prism 
30a which bends an optical path is inserted, and it is made to combine between 
a band-pass filter and optical fibers with it via optical-path amendment prism 
and a lens. Similarly, 2nd port P2 and 4th port P 4 accommodate each optical 
fiber in the same ferrule, and consist of the 2 core fiber collimator 28b 
incorporating a lens common to these two optical fibers. Between this 2 core 
fiber collimator 28b and the main part 14 of a branching filter, the optical-path 
amendment prism 30b which bends an optical path is inserted, and it is made to 
combine between a band-pass filter and optical fibers with it via optical-path 
amendment prism and a lens. The optical-path amendment prism 30a and 30b 
is the structure which combined two glass wedged prisms symmetrically, pasted 
them together here, and was made into the shape of a pentagon. 
He changes a parallel beam into intersection light using the refraction based on 
the angle of the wedge, and is trying to lead to a lens. 

[0018] Here, the 1st band-pass filter 12a Selection passing wavelength Ai, As 
for the 2nd band-pass filter 12b, selection passing wavelength A2 and the 3rd 
band-pass filter 12c are designed so that selection passing wavelength A3 and 
the 4th band-pass filter 12d may be selection passing wavelength A 4 . It is 
assumed that the wavelength multiplexing light (wavelength: Ai, A 2 , A3, A 4 ) of 
four waves has been transmitted from input port P. This multiple wave light 
does direct entering to the filter holder 10 from the single fiber collimator 20. 



[0019] The wavelength multiplexing light which penetrated the filter holder 
10 results in the 1st band-pass filter 12a, selection passing wavelength light Ai 
passes as it is, and non selection passing wavelength light A2, A3, and A4 reflect it. 
Selection passing wavelength light Ai which passed the 1st band-pass filter 12a 
is refracted by the optical-path amendment prism 30a, and is combined with the 
optical fiber which is condensed with the lens of 2 core fiber collimator 28a, and 
serves as 1st output port Pi. Non selection passing wavelength light A2 which 
reflected with the 1st band-pass filter 12a, and passed the filter holder 10, A3, 
and A 4 result in the 2nd band-pass filter 12b, Then, selection passing 
wavelength light A2 passes and non selection passing wavelength light A3 and A4 
reflect it. Selection passing wavelength light X2 which passed the 2nd band-pass 
filter 12b is refracted in the lateral surface, and serves as a parallel beam, and 
also is refracted by the optical-path amendment prism 30b, and is combined 
with the optical fiber which is condensed with the lens of 2 core fiber collimator 
28b, and serves as 2nd output port P2. Non selection passing wavelength light A3 
and A4 which reflected with the 2nd band-pass filter 12b, and passed the filter 
holder 10 result in the 3rd band-pass filter 12c, and selection passing 
wavelength light A3 passes and reflects non selection passing wavelength light 
A4. Selection passing wavelength light A3 which passed the 3rd band-pass filter 
12c is combined with the optical fiber which is refracted by the optical-path 
amendment prism 30a, is condensed with the lens of 2 core fiber collimator 28a, 
and serves as 3rd output port P3. Non selection passing wavelength light A 4 
which reflected with the 3rd band-pass filter 12c, and passed the filter holder 10 
results in the 4th band-pass filter 12d, and selection passing wavelength light A4 
passes and reflects the other non selection passing wavelength lights (noise 
component etc.). Selection passing wavelength light Xa which passed the 4th 
band-pass filter 12d is refracted in the lateral surface, and serves as a parallel 
beam, and also is refracted by the optical-path amendment prism 30b, and is 
combined with the optical fiber which is condensed with the lens of 2 core fiber 
collimator 28b, and serves as 4th output port P4. 

[0020] The 4th band-pass filter may be replaced with the glass plate of a mere 
wedge without a filtering function. 

[0021] Thus, if 2 core fiber collimator which combined the lens common to the 
optical fiber of 2 core ferrule and both is used, d can be made for the emitted 
light way interval of an adjacent selection passing wavelength light to approach 
to about 0.5 mm (refer to drawing 2) , and the filter holder length of direction 



crossing at a right angle (it is a sliding direction on a drawing at drawing l) can 
be shortened to the transmission line 16. The inclination of the filter holders 
11a and lib can be stood as much as possible. In the band-pass filter using a 
dielectric multilayer, it becomes that it is [ wavelength selection properties ] 
better for light to enter in the state near a rectangular cross as much as possible 
to a dielectric multilayer. When an emitted light way interval is large, if priority 
is given to the characteristic, the size of the direction (it is a longitudinal 
direction on a drawing at drawing 1) along the transmission line 16 will become 
long, and degradation of the characteristic will be brought about if priority is 
given to a miniaturization. However, in the structure of this invention, size 
shortening of the direction (it is a longitudinal direction on a drawing at 
drawing 1) along the transmission line 16 is attained, maintaining good 
wavelength selection properties. Thus, a filter holder can be included, 
remarkably, it can miniaturize, the weight saving of the device can be carried 
out, and the good characteristic can be made to reveal in this invention. 
[0022] As mentioned above, reflection is repeated within the main part 14 of a 
branching filter, selection passing wavelength light is taken out from each 
band-pass filters 12a, ~, 12d one by one, and the wavelength multiplexing light 
inputted from input port P is outputted from each corresponding output port Pi 
and --, and P4. Thus, wavelength division and wavelength carving is performed. 
[0023] Such a wavelength division module is making direction of light reverse, 
comes out as it is and can be used as a wavelength multiplexing module. Each 
port Pi, --, the light wavelength- multiplexized from the port P when the light of 
wavelength Xi, A2, A3, and X4 was inputted from P4, respectively output. 
[0024] Drawing 3 shows other examples of the wavelength division module 
concerning this invention. Although this is a spectral separation module of eight 
waves, it is only the difference whose number of ports is increasing, and is the 
same structure as what is fundamentally shown in drawing 1 . The main part 44 
of a branching filter which consists of the eight band-pass filters (four one side) 
42 and 43 in which the selection passing wavelengths attached to the main table 
side of both the filter holder 40 of parallelogram shape and this filter holder 40 
differ is used. The band-pass filter 42 stuck on one main table side is a parallel 
plate-like also here, and the band-pass filter 43 stuck on the main table side of 
another side is a wedge. 

[0025] As input/output port, the fiber collimator of plurality (this example five 
pieces) counters two main table sides of a filter holder, and is distributed. Input 



port P consists of the single fiber fiber collimator 46. Eight output port Pi, --, the 
port where it adjoins of the P 8 consist of the 2 core fiber collimator 48. Between 
the two core each fiber collimator 48 and the main part 44 of a branching filter, 
the optical-path amendment prism 50 which bends an optical path is inserted, 
and it constitutes so that between a band-pass filter and optical fibers may be 
combined via optical-path amendment prism and a lens. 

[0026] The selection passing wavelength of each band-pass filters 42 and 43 is 
made into Xi, --, Xa one by one, and wavelength multiplexing light (wavelength: 
Xi, --, Xs) is inputted from input port P. In the process in which reflection is 
repeated with the filter holder 40, each selection passing wavelength light 
passes a corresponding band-pass filter, and outputs it from a corresponding 
output port. As a band-pass filter which chooses wavelength Xs of this example 
or the last, it is usable also with a mere glass plate without a filtering function. 
[0027] It cannot be overemphasized that it can deal with the wavelength 
division module of 16 waves, the wavelength division module of 32 waves, etc. 
by same composition only by increasing the number of output ports. The effect of 
the miniaturization by the ability to narrow a port interval becomes so 
remarkable that the number of wavelength multiplexing increases and the 
number of ports increases. 

[0028] Drawing 4 shows the example of further others of the wavelength 
division module concerning this invention. This is also a case of the wavelength 
division module of four waves, and is the same structure as what is 
fundamentally shown in drawing 1 . Therefore, identical codes are given to a 
corresponding member and the explanation about them is omitted. 
[0029] A different point from the composition of drawing 1 is a point which 
makes all the band-pass filters 12a, --, 12d stuck on both main table sides the 
shape of a parallel plate. There is an advantage it becomes easy [ this 
composition ] to process the glass substrate of each band-pass filter. On the 
other hand, since a part of selection passing wavelength light is emitted to an 
oblique direction to a transmission line, the length (it is a sliding direction on a 
drawing at drawing 4) of direction crossing at a right angle becomes somewhat 
long to a transmission line, and an output port position becomes slanting. 
[0030] In this invention, if a dielectric multilayer interference filter is used as 
a band-pass filter, the temperature characteristics of wavelength division can 
be low suppressed with about 1 pm/about **, and can realize fitness and the 
stable characteristic. 



[0031] 

[Effect of the Invention] In order to use 2 core fiber collimator and the 
optical-path amendment prism of the structure which combined the lens 
common to 2 core ferrules and those optical fibers as mentioned above, this 
invention can narrow a port interval and has an effect which can miniaturize 
product size. Since the effect of this miniaturization becomes so remarkable that 
the number of wavelength multiplexing increases, it is set to the optical fiber 
communications system of future wavelength division multiplexing, and 
becomes increasingly effective. 

[0032] If the band-pass filter which makes the band-pass filter especially 
stuck on one main table side of a filter holder the shape of a parallel plate, and 
is stuck on the main table side of another side is formed to a wedge, for example, 
in the case of a wavelength division module, the optical path of the emitted light 
from all the band-pass filters is made to parallel to a transmission line, 
therefore a product can be miniaturized further, leading about of the optical 
fiber to the exterior also becomes easy, and the effect which becomes easy to 
deal with it produces it. 

[Brief Description of the Drawings] 

[Drawing 1] The explanatory view showing one example of the wavelength 
division module concerning this invention. 

[Drawing 2] The explanatory view of 2 core fiber collimator and optical-path 
amendment prism. 

[Drawing 3] The explanatory view showing other examples of the wavelength 
division module concerning this invention. 

[Drawing 41 The explanatory view showing the example of further others of the 



wavelength division module concerning this invention. 



[Description of Notations] 

10 filter holder 

11a and 11b main table side 

12a, 12b, 12c, I2d band-pass filter 

14 main part of a branching filter 

16 transmission line 

20 single fiber collimator 

22 optical fiber 

24 2 core ferrule 

26 lens 

28, 28a, a 28b 2 core fiber collimator 

30, 30a, and 30b optical-path amendment prism 
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